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(54) IMAGE DISPLAY DEVICE, METHOD OF MANUFACTURE THEREOF, AND APPARATUS FOR 
CHARGING SEALING MATERIAL 



(57) The evacuated envelope (1 0) of an image di 
play apparatus has a rear substrate (12), a front su 
strate (11) opposing the rear substrata (12), and a sid 
wall (16) Interposed between the rear and front su 
strates. A phosphor screen (16) is formed on the Inn 
surface of the front substrate 11 . Electron-emitting el 



ments (22) are provided on the rearsubstrate. An Indium 
layer (32) is formed on a sealing surface lying between 
the front substrate and the sidewall. When the indium 
layer is heated and melted in a vacuum atmosphere, the 
front and rear substrates are sealed to each other, with 
the sidewall interposed between them. 
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Description 

Technical Field 

[0001] The present invention relates to a flat, planar- 
type image display apparatus comprising an evacuated 
envelope, a method of manufacturing the image display 
apparatus, and a sealing-material applying apparatus. 

Background Art 

[0002] In recent years, display apparatuses have 
been developed as next- generation, lightweight, thin, 
planar-type displays. These apparatus comprise a 
phosphor screon and a number of electron-emitting el- 
ements (hereinafter called 'emitters"). The emitters are 
arranged, opposing the phosphor screen. The emitters 
may be of either field emission type or surface conduc- 
tion type. Display apparatuses using field emission type 
electron-omitting elements as emitters are generally 
called "field emission displays" (hereinafter referred to 
as "FEDs"). Display apparatuses using surface conduc- 
tion type electron-emitting elements as emitters are 
generally called "surface conduction type electronic dis- 
charge display" (hereinafter referred to as "SEDs"). 
[0003] For example, FEDs generally have a front sub- 
strate and a rear substrate opposing each other and 
spaced apart by a predetermined distance. These sub- 
strates constitute an evacuated envelope, because they 
are coupled together at their circumferential edges, with 
a rectangle frame-like sidewall interposed between 
them. The phosphor screen is formed on the Inner sur- 
face of the front substrate. A number of emitters are pro- 
vided on the inner surface of the rear substrate. The 
emitters are used as electron-emitting sources. The 
electrons they emit excite phosphor layers, causing the 
phosphor layers to emit light. A plurality of support mem- 
bers are interposed between the front substrate and the 
rear substrate to withstand atmospheric pressure ap- 
plied on these substrates. 

[0004] The electric potential at the rear substrate is 
about 0V. The anode voltage Va is applied to the phos- 
phor screen. The electron beams emitted from the emit- 
ters are applied to the red phosphor layers, that consti- 
tute the phosphor screen, to energize the phosphor lay- 
ers, whereby an image is displayed, 
[0005] In such a FED, the distance between the front 
substrate and the rear substrate can be set at several 
millimeters or less. Therefore, FED is lighter and thinner 
than the cathode-ray tube (CRT) used at present as a 
display of televisions or computers. 
[0006] It is necessary to maintain the degree ol vac- 
uum inside the evacuated envelope at 1 0 s to 1 0 -6 Pa in 
the planar display apparatus described above. In the 
conventional evacuation method, the surface adsorp- 
tion gas inside the envelope is liberated by performing 
baking in which the envelope is heated to about 300°C. 
The evacuation method cannot completely liberate the 



surface adsorption gas. 

[0007] Jpn. Pat. Appln. KOKAI Publication No. 
9-82245, for example, discloses a planar display appa- 
ratuses of various structures. In one structure disclosed, 

* getter material such as Ti, Zr or alloy thereof covers the 
metal back that is formed on the phosphor screen of the 
front substrate. In another structure disclosed, the metal 
back is made ol getter material. In still another structure 
disclosed, getter material covers the components other 

io than the electron-emitting elements, in the image-dis- 
playing region, 

[0008] In the image display apparatus disclosed in 
Jpn. Pat. Appln. KOKAI Publication No. 9-82245, getter 
material is formed in the ordinary pane! process. Inevi- 
'5 tably. the surface of getter material will be oxidised. The 
getter material is highly active at the surface. Once ox- 
idized at surface, the getter material can no longer ad- 
sorb gas as much as desired. 
[0009] A method of enhancing the degree of vacuum 

so inside tho evacuated envelope may be considered. In 
this method, a rearsubstrate, a sidewall, and afront sub- 
strate are brought into a vacuum chamber. These com- 
ponents are baked in the vacuum atmosphere and irra- 
diated with an electron beam. The surface adsorption 

« gas is thereby released from the rear substrate, sidewall 
and front substrate. Thereafter, a getter film is formed, 
and the sidewall, roar substrate and front substrate are 
sealed together, with frit glass or the like, in the vacuum 
atmosphere. This method can release the surface ad- 

30 sorption gas sufficiently by means of electron-boam 
washing. The getter film is not oxidized. A sufficient gas 
adsorption can be accomplished. In addition, the space 
in the image display apparatus is not wasted because 
no evacuation pipes are necessary. 

35 [0010) However, to fuse the components together in 
a vacuum atmosphere by using frit glass, the frit glass 
must be heated to a high temperature of 400°C or more. 
When so heated, the frit glass generates air bubbles 
This degrades the air-tightness, sealing strength and 

40 the like of the evacuated envelope. Consequently, the 
reliability of the image display apparatus decreases. In 
view of the characteristic of the electron-emitting ele- 
ments, it may be desirable not to heat the frit glass to 
400°C or more. In such a case, the method of sealing 

45 the components with frit glass is not desirable. 

Disclosure ol Invention 

[0011] This invention has been made in view of the 
so foregoing. An object of the invention is to provide an im- 
age display apparatus comprising an envelope which 
can be easily sealed and which can maintain a high vac- 
uum, to provide a melhod of manufacturing the image 
display apparatus, and to provide a sealing-material ap- 
55 plying apparatus. 

[0012] To attain ihe object, an image display appara- 
tus according to this invention comprises an envelope 
having a rearsubstrate, a front substrate opposing the 
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rear substrate, and a number of electron-emitting ele- 
ments provided in the envelope. 
[0013] The front substrate and the rear substrate are 
sealed, at edge parts, either directly or Indirectly to each 
other with low melting-point metal sealing material. 
[0014] In the image display apparatus according to 
the invention, it is preferred that the low melting-point 
metal sealing material preferably have a melting point 
of 350°C or less. Further, it is desired that the low melt- 
ing-point metal sealing material be indium or an alloy 
containing Indium. 

[0015] According to the Invention, there is provided a 
method of manufacturing an image display apparatus 
which comprises an envelope having a rear substrate, 
a front substrate opposing the rear substrate, and a 
number of electron-emitting elements provided in the 
envelope. The method comprises the steps of: applying 
low melting-point metal sealing material to a sealing sur- 
face lying between the rear substrate and the front sub- 
strate; and sealing the rear substrate and the front sub- 
strate together, either directly or indirectly to each other, 
by heating the rear substrate and the front substrate In 
a vacuum atmosphere and by melting the low melting- 
point metal sealing material. 

[0016] In the method of manufacturing an image dis- 
play apparatus, it is preferred that the low melting-point 
metal sealing material have a melting point of 350°C or 
less. Moreover, it is desired that the low melting-point 
metal sealing material be Indium or an alloy containing 
indium. The degree of vacuum in the envelope is pref- 
erably 1 0 -3 Pa or less. 

[0017] In the method of manufacturing an image dis- 
play apparatus, according to the invention, the sealing 
the rear substrate and the front substrate together in- 
cludes an evacuating step of heating the vacuum atmos- 
phere to a temperature of 25Q°C or more; a sealing step 
of sealing the front substrate and the rear substrate by 
applying the low melting-point metal sealing material to 
a sealing surface lying between the front and rear sub- 
strates, at a temperature lower than the temperature 
used in the evacuating step; and a step of bringing the 
envelope sealed with the low melting-point metal seal- 
ing material, back into the atmosphere. The sealing may 
be performed by using the low melting-point melal seal- 
ing material at a temperature of 60 to 300"C. 
[001 8] In a method of manufacturing an image display 
apparatus, according to this Invention, in the sealing 
step, the front and rear substrates are moved relative to 
each other and are sealed to each other after low melt- 
ing-point metal sealing material is applied to sealing sur- 
faces lying between the front substrate and the rear sub- 
strate. The direction in which the rear plate and the front 
substrate are moved relative to each other may be any 
direction in a three-dimensional space, so long as the 
substrates approach each other. Only one of the sub- 
strates may be moved, or both substrates may be 
moved. 

[0019] In the method of manufacturing an image dis- 



play apparatus, according to this invention, a material- 
retaining section is provided to retain the low melting- 
point metal sealing material, at least of the sealing sur- 
faces lying between the front substrate and the rear sub- 

s strate. The low melting-point metal sealing material is 
applied onto the material-retaining section. 
[0020] The material-retaining section is preferably a 
groove formed in the sealing surface or a layer formed 
on the sealing surface and made of material that exhibits 

io high affinity with the lowmelting-point metal sealing ma- 
terial. The material exhibiting high affinity with the low 
melting-point metal sealing material is preferably nickel, 
gold, silver or copper, or an alloy thereof. 
[0021 ] In the imagedisplay apparatus and the method 

'5 of manufacturing the same, both according to the 
present invention, the. front and rear substrates forming 
an envelope can be sealed together in a vacuum atmos- 
phere, by using low melting-point metal sealing material. 
They are sealed at a low temperature (about 300°C or 

20 less) that does no thermal damages to the electron- 
emitting elements and the like. Any components re- 
quired in the conventional method, such as thin evacu- 
ation pipes, are unnecessary, and the evacuation effi- 
ciency can be very high. 

25 [0022] Hence, the invention can provide image dis- 
play apparatuses that have an envelope maintaining a 
high degree of vacuum and are free of an Image-quality 
decrease due to thermal deterioration of the electron- 
emitting elements, 

30 [0023] An image display apparatus according to an- 
other aspect of the present invention comprises an en- 
velope having a rear substrate, a front substrate oppos- 
ing the rear substrate, and a plurality of electron-emit- 
ting elements provided in the envelope. The front sub- 

35 strate and the rear substrate are sealed either directly 
or indirectly to each other with a base layer and a metal 
sealing material layer provided on the base layer and 
different in material from the base layer, 
[0024] An image display apparatus according to this 

io invention comprises an envelope having a rear sub- 
strate, a front substrate opposing the rear substrate and 
a sidewal) arranged between edges of the front sub- 
strate and edges ol the rear substrate, and a plurality of 
electron-emitting elements provided on an inner surface 

« of the rear substrate and configured to emit electron 
beams. The Iront substrate and the sidewall, or the rear 
substrate and the sidewall, or the front substrate and the 
side wall and the rear substrate and the side wall are 
sealed together with a base layer and a metal sealing 

so material layer different In material from a material of the 
base layer. 

[0025] In this image display apparatus, the metal seal- 
ing material layer is made of low melting-point metal 
sealing material having a melting point of 350°C or less. 
55 For example, the low melting-point melal sealing mate- 
rial may be indium or an alloy containing indium. Pref- 
erably, the base layer is made of metal paste containing 
at least one element selected from the group consisting 
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of silver, gold : aluminum, nickel, cobalt and copper. Al- 
ternatively, the base layer may be a plated layer or de- 
posited layer made of at least one element selected from 
the group consisting of silver, gold, aluminum, nickel, 
cobalt and copper. Slill alternatively, it may be made of 
glass material or the like. 

[0026] In the image display apparatus and the method 
of manufacturing the same, both described above, the 
front substrate and the rear substrate are sealed with 
metal sealing material, either directly or indirectly to 
each other. Therefore, the substrates can be sealed to- 
gether at a low temperature that does no thermal dam- 
ages to the electron-emitting elements or the like. A 
number of bubbles will not develop as in the case where 
frit glass or the like is used. This helps to improve the 
air-tightness and sealing strength of the envelope. 
Moreover, the base layer, which is different in material 
from the metal sealing material layer, prevents the metal 
sealing material from flowing, thus retaining the material 
at a predetermined position, even when the metal seal- 
ing material melted to have its viscosity reduced. Hence, 
the Invention can provide an Image display apparatus 
and a method of manufacturing the same, in which the 
metal sealing material can easily he treated and the 
sealing step can be performed in a vacuum atmosphere 
easily and reliably. 

[0027] Accordingto this invention, there Is provided a 
method of manufacturing an image display apparatus 
which comprises an envelope having a rear substrate, 
a front substrato opposing the rear substrate, and a plu- 
rality of electron-emitting elements provided in the en- 
velope. This method comprises applying molten metal 
sealing material to a sealing surface lying between the 
rear substrate and the front substrate, while applying ul- 
trasonic waves; and heating and melting the metal seal- 
ing material in a vacuum atmosphere after the metal 
sealing material has been-applied, and sealing the rear 
substrate and the front substrate at the sealing surface, 
either directly or indirectly to each other. 
[0028] According to the invention .there is provided a 
method of manufacturing an Image display apparatus 
which comprises an envelope having a rear substrate, 
a front substrate opposing the rear substrate, a sidewall 
arranged between edges of the front substrate and edg- 
es of the rear substrate; and a plurality of electron-emit- 
ting elements provided in the envelope, wherein the 
front substrate and the sidewall. or the rear substrate 
and the sidewall, or the front substrate and the side wall 
and the rear substrate and sidewall are sealed together 
with a metal sealing material layer. The method com- 
prises the steps of: applying molten metal sealing ma- 
terial to a sealing surface lying between the rear sub- 
strate and the front substrate, while applying ultrasonic 
waves: and heating and melting the metal sealing ma- 
terial in a vacuum atmosphere after the metal sealing 
material has been applied, and sealing the rear sub- 
strate, the front substrate and the sidewall together at 
the sealing surface. 



[0029] In this method of manufacturing an image dis- 
play apparatus, according to the invention, the step of 
applying the metal sealing material includes a step of 
continuously applying the molten metal sealing material 
s along the sealing surface, thereby forming a metal seal- 
ing material layerthat extends along the sealing surface. 
[0030] The method of manufacturing an image dis- 
play, apparatus, according to this invention may com- 
prise a step of forming a base layer on the sealing sur- 
'0 face. The base layer is different in material from the met- 
al sealing material layer. In this method, the metal seal- 
ing material is applied onto the base layer after the base 
layer has been formed. 

[0031] In the method of manufacturing an image dis- 
>« play apparatus, according to the invention, the metal 
sealing material may be tow melting-point metal sealing 
material that has a melting point of 350°C or less. The 
material is, for example, indium or an alloy containing 
indium. Preferably, the base layer is made ol material 
20 that exhibits good wettability and air-tightness with re- 
spect to the metal sealing material. In other words, it 
should be made of material exhibiting high affinity with 
the metal sealing material. The base layer may be made 
by applying metal paste containing at least one element 
is selected from the group consisting of silver, gold, alumi- 
num, nickel, cobalt, copper nickel, gold, silver and cop- 
per. Alternatively, It may be a plated layer or deposited 
layer made of at least one element selected from the 
group consisting of silver, gold, aluminum, nickel, cobalt 
30 and copper, or is a glass material layer. 

[0032] In the method of manufacturing an image dis- 
play apparatus, described above, the front substrate 
and the rear substrate are sealed by using a metal seal- 
ing material layer, eitherdirectly or indirectly lo each oth- 
3S er. The substrates can therefore be sealed together at 
such a low temperature as would not do thermal dam- 
ages to the electron-emitting elements and the like pro- 
vided on the rear substrate Further, a number of bub- 
bles will not develop as in the case where frit glass or 
40 the like is used. This helps to improve the air-tightness 
and sealing strength of the envelope. In addition, the 
metal sealing material has its wettability to the sealing 
surface improved, because ultrasonic waves are ap- 
plied while the metal sealing material is being applied to 
■*> the sealingsurface. Thus, the metal sealing material can 
remain at a desired position even if it is indium or the 
like. Hence, the presenl invention can provide a method 
of manufacturing an imago display apparatus, in which 
the components can be sealed together in a vacuum at- 
50 mosphere, both easily and reliably. 

[0033] The molten metal sealing material may be con- 
tinuously applied along the sealing surface, while ultra- 
sonic waves are being applied. Thus applied, the male- 
rial can form a metal sealing material layerthat extends 
55 along the sealing surface, without breaks. 

[0034] Abase layer, different in material from the met- 
al sealing material, is formed on the sealing surface. 
Then , the metal sealing material is applied onto the base 
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layer while ultrasonic waves are being applied. Hence, 
even if the metal sealing material applied is heated and 
melted, the base layer prevents the molten metal seal- 
ing material from flowing. That is, the base layer holds 
the molten material at a predetermined position. It is 
therefore easy to treat the metal sealing material. The 
sealing step can be performed in a vacuum atmosphere, 
both easily and reliably. In particular, a part of the metal 
sealing material diffuses into the base layer, forming an 
alloy layer, when the material is applied while ultrasonic 
waves are being applied. This more reliably prevents the 
metal sealing material from flowing and holds the same 
at the predetermined poshion, in the course of the seal- 
ing step. 

[0035J in the step of applying the metal sealing mate- 
rial, the rate at which the metal sealing material is ap- 
plied can be controlled by changing either output mag- 
nitude of the ultrasonic waves or a diameter of a port for 
applying the metal sealing material. 
[0036) An apparatus for applying metal sealing mate- 
rial, according to the present invention, comprises: a 
supporting base for positioning an object having a seal- 
ing surface; an applying head having a storage section 
storing molten metal sealing material, a nozzle which 
applies to the sealing surface the molten metal sealing 
material supplied from the storage section, and an ul- 
trasonic wave generating section which applies ultra- 
sonic waves to the molten metal sealing material applied 
from the nozzle to the sealing surface; and a head-mov- 
ing mechanism which moves the applying head relalive 
to the sealing surface. 

[0037] An Image display apparatus according to this 
invention comprises an envelope having a rear sub- 
strate, a front substrate opposing the rear substrate and 
sealed either directly or indirectly to the rear substrate 
with metal sealing material, and a number of electron- 
emitting elements provided In the envelope. The metal 
sealing material is provided on a sealing surface lying 
between the rear substrate and the front substrate, 
forming a metal sealing material layer that extends 
along the entire of the sealing surface. The metal sealing 
material layer has bent or curved parts at one portion, 
at least, which extends along a straight part of the seal- 
ing surface. 

[0038J An image display apparatus according to the 
present invention comprises an envelope having a rear 
substrate, a front substrate opposing the rear substrate 
and sealed either directly or indirectly to the rear sub- 
strate with metal sealing material, and a number of elec- 
tron-emitting elements provided in the envelope. The 
metal sealing material is provided on a sealing surface 
lying between the rear substrate and the front substrate, 
forming a metal sealing material layer that extends 
along the entire of the sealing surface. The metal sealing 
material layer hasan edge al one portion, at least, which 
extends along a straight part of the sealing surface. The 
edge has projections. 

[0039} A method according to the invention is de- 



signed to manufacture an image display apparatus com- 
prising an envelope having a rear substrate, a front sub- 
strate opposing the rear substrate and sealed either di- 
rectly or indirectly to the rear substrate with metal seal- 

5 ing material, and a number of electron-emitting ele- 
ments provided in the envelope. The method comprises 
the steps of: applying metal sealing material to a sealing 
surface laying between the rear substrate and the front 
substrate, thereby forming a metal sealing material layer 

10 which extends along the entire of the sealing surface; 
and heating and melting the metal sealing material in a 
vacuum atmosphere afterthe metal sealing material has 
been applied, and sealing the rear substrate and the 
front substrate at the sealing surface, either directly or 

'5 indirectly to each other. In the step of applying the metal 
sealing material, bent or curved parts are formed at one 
portion, at least, of the metal sealing material layer. The 
portion extends along a straight part of the sealing sur- 
face. 

20 [00401 In another method of manufacturing an image 
display apparatus, according to the invention, compris- 
es the steps of: applying metal sealing material on a 
sealing surface lying between the rear substrate and the 
front substrate, thus forming a metal sealing material 

25 (ayer that extends the entire of the sealing surface; and 
heating and melting the metal sealing material in a vac- 
uum atmosphere after the metal sealing material has 
been applied, thus sealing the rear substrate and the 
front substrate at the sealing surface, either directly or 

30 indirectly to each other. In the step of applying the metal 
sealing material, the material Is applied such that pro- 
jections are formed at one portion, at least, of the metal 
sealing material layer. The portion extends along a 
straight part of the sealing surface. 

35 [0041] In both the Image display apparatus and the 
method of manufacturing the same, both according to 
this Invention, the metal sealing material may be low 
melting-point metal sealing material that has a melting 
point of 350°C or less. The material is, for example, in- 

•to dium or an alloy containing indium. 

[0042] In both the Image display apparatus and the 
method of manufacturing the same, described above, 
the front substrate and the rear substrate are sealed by 
using a metal sealing material layer, either directly or 

45 indirectly to each other. The substrates can therefore be 
sealed together at such a low temperature as would not 
do thermal damages to the electron-emitting elements 
and the like provided on the rear substrate. Further, a 
number of bubbles will not develop as in the case where 

so frit glass or the lite is used. This serves to enhance the 
air-tightness and sealing strength of the envelope. 
[0043] Moreover, one portion, at least, of the metal 
sealing malerial layer, which extends along a straight 
part of the sealing surface, has bent or curved parts. 

S5 Alternatively, one portion, at least, of the metal sealing 
material layer, which extends along a straight part of the 
sealing surface, has projections. The bent parts, the 
curved parts, or the projections prevent the metal seal- 
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ing material from flowing, thus retaining the material at 
a predetermined position, even when the metal sealing 
material melted to have its viscosity reduced. That is, 
they can hold the material at a predetermined position. 
The invention can therefore provide an image display 
apparatus and a method of manufacturing the same, in 
which the metal sealing material can easily be treated 
and the sealing step can be performed in a vacuum at- 
mosphere, both easily and reliably. 

Brief Description of Drawings 

[0044] 

FIG. 1 is a perspective view showing an FED ac- 
cording to an embodiment of this invention; 
FIG. 2 is a cross-sectional view taken along fine ll-ll 
in FIG. 1 ; 

FIG. 3 is a plan view depicting the phosphor screen 
of the FED; 

FIG. 4 is a perspective view illustrating the state 
where an indium layer formed In the sealing surface 
of the front substrate which is a component of the 
evacuated envelope of the FED; 
FIG. 5 is a cross-sectional view showing the front 
substrate and the rear substrate-sidewall assembly 
which oppose each other, said front substrate hav- 
ing an indium layer formed in the sealing part; 
FIG. 6 is a schematic representation of the vacuum 
process apparatus used to manufacture the FED; 
FIG. 7 is across-sectional view showing the assem- 
bling chamber of the vacuum process apparatus; 
FIG. 8 is a perspective view depicting a modification 
of the front substrate, which has an indium layer 
farmed in the groove made in the sealing surface; 
FIG. 9 is a cross-sectional view depicting an FED 
according to a second-embodiment of the inven- 
tion; 

FIG. 1 0A is a perspective view showing a base layer 
and an indium layer, both provided on the sealing 
surface of the sidewall that is a component of the 
evacuated envelope of the FED; 
FIG. 10B is a perspective view illustrating a base 
layer and an indium layer, both provided on the seal- 
ing surface of the front substrate that is a compo- 
nent ol the evacuated envelope of the FED; 
FIG. 11 is a perspective view depicting the sealing- 
material applying apparatus according to an em- 
bodiment of the present invention; 
FIG. 12 is a perspective view explaining the process 
of applying indium to the sealing surface of the front 
substrate, by means of the sealing-material apply- 
ing apparatus; 

FIG. 13 is a cross-sectional view showing the front 
substrate and the rear substrate-sidewall assembly 
which oppose each other said front substrate hav- 
ing a base layer and an indium layer both provided 
on the sealing part; 



FIG. 14 is a cross-sectional view explaining how the 
base layer and the indium layer are formed on the 
sealing surface of the front substrate, in the process 
of forming the evacuated envelope of FED which is 

s a modification of the second embodiment; 

FIG. 15 is a cross-sectional view showing an FED 
according to the third embodiment of this Invention; 
FIG. 16A is a plan view showing a base layer and 
an indium layer, both provided on the sealing sur- 

'0 face of the front substrate that constitutes the evac- 
uated envelope of the FED according to the third 
embodiment; 

FIG. 16B is a magnified plan view illustrating the 
pattern of the indium layer; 

'5 FIG. 1 7 is a perspective view showing a base layer 
and an indium layer, both provided on the sealing 
surface of the front substrate; 
FIG. 18 is cross-sectional view depicting the front 
substrate and the back-substrate assembly which 

?o oppose each other, said front substrate having a 
base layer and an indium layerprovidedon the seal- 
ing part; 

FIGS. 19A to 19D are plan views schematically 
showing various modified patterns of the Indium lay- 

« er provided on the sealing part, respectively; 

FIG. 20A or 20D are plan views schematically show- 
ing other modified patterns of the Indium layer pro- 
vided on the sealing part, respectively; 
FIG. 21 is a cross-sectional view Illustrating how a 

so base layer and an indium layer are formed on the 
sealing surface of the front substrate, intheprocess 
of forming the evacuated envelope of an FED ac- 
cording to another embodiment of this invention; 

35 Best Mode for Carrying Out of the Invention 

[0045] hereafter, an embodiment of the invention, 
which is an image display apparatus of this invention, i. 
e., an FED. will be described in detail with reference to 

-*<? the accompanying drawings. 

[0046] As FIG. 1 and 2 show, the FED comprises a 
front substrate 11 and a rear substrate 12. The sub- 
strates 1 1 and 1 2 are rectangular glass plates and serve 
as Insulating substrates. The substrates oppose each 

« other, spaced apart by a distance of about 1.5 to 3.0 
mm. The front substrate 11 and the rear substrate 12 
are sealed together at their circumferential edges, with 
a rectangular frame-shaped sidewall 18 interposed be- 
tween them, thereby constituting an evacuated enve- 

50 lope 10. The envelope 1 0 is flat and rectangular, main- 
taining a vacuum in It. 

[0047] A plurality of support members 1 4 are provided 
in the evacuated envelope 10. The members 14 with- 
stand atmospheric pressure exerted on the rear sub- 
s' strate 12 and the front substrate 1 1 . The support mem- 
bers 14 extend parallel to the long sides of the evacu- 
ated envelope 10 and are spaced apart by a prescribed 
distance in the direction parallel to the short sides of the 



6 



11 EP 1258 906 A1 



envelope 10. The shape of the support members 14 is 
not limited to this. The members 1 4 may be shaped like 
pillars. 

[0048] As FIG. 3 shows, a phosphor screen 16 Is 
lormed on the inner surface of the front substrate 11. s 
The phosphor screen 16 comprises phosphor layers R, 
G and B which can emit red light, green light and blue 
light, respectively, and the matrix-shaped, light-absorb- 
ing black part 20. The support members 14 are placed 
behind the light-absorbing black part 20. *o 
[0049] A metal back layer 1 7 is provided on the phos- 
phor screen 16. The layer 17 is a conductive thin film, 
such as aluminum film. The metal back layer 1 7 reflects 
that part of the light generated by the phosphor screen 
1 6, which travels toward the rear substrate 2 that serves >s 
as an electron source. The layer 17 therefore increases 
luminosity. The metal back layer 1 7 imparts conductivity 
to the image-displaying region of the front substrate 11 , 
thus preventing accumulation of electric charges. 
Hence, the layer 1 7 functions as an anode for the elec- %> 
tron-emitting source provided on the rear substrate 12, 
which will be described later. The layer 1 7 performs an- 
other function; it protects the phosphor screen 16 from 
damages due to the ions generated when gas in the 
evacuated envelope 10 is ionized with an electron 2s 
beam. 

[0050] As shown In FIG. 2, a number of electron-emit- 
ting elements 22 of field emission type are provided on 
the inner surface of the rear substrate 12. The electron- 
emitting elements 22 are sources of electrons and emit 30 
an electron beam that excites the phosphor layers R, G 
and B, The electron-emitting elements 22 correspond to 
pixels, respectively. They are arranged in rows and col- 
umns and function as pixel-displaying elements in this 
invention. 3s 
[0051] More specifically, a conductive cathode layer 
24 Is formed on the inner surface of a rear substrate 12. 
A silicon dioxide film 26 having many cavities 25 Is 
formed on the cathode layer. On the silicon dioxide film 
26, cone-shaped gate eleclrodes made ol molybdenum 40 
orthe like are formed In the cavities 25 made in the inner 
surface of the rear substrate 12. Wires (not shown) and 
the like, which are arranged In the form of a matrix, are 
formed on the rear substrate 12 and are connected to 
the electron-emitting elements 22. « 
[0052] In the FED described above, video signals are 
input into the electron-emitting elements 22 and the gale 
electrodes 28 which were arranged in the form of a sim- 
ple matrix. If the electron-emitting elements 22 are used 
as relerence, a gate voltage of +100V Is applied in a so 
state of the highest luminosity. A voltage of +1 OkV is ap- 
plied to the phosphor screen 16. The Intensity of the 
electron beam emitted Irom each electron-emitting ele- 
ment 22 is modulated by the voltage applied to the gate 
electrode 28. An image is displayed when the electron ss 
beam excites the phosphor layers of the phosphor 
screen 1 6, causing the phosphor layers to emit light. 
[0053] The high voltage is thus applied to the phos- 
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phor screen 16. Therefore, a high strain point glass is 
used for the glass plates constituting the front substrate 
11, rear substrate 12, sidewall 18 and support-member 
14. Low melting-point glass 30, such as a frit glass, seals 
the rear substrate 12 and Ihe sidewall 18 together, as 
will be described later. The front substrate 11 and the 
sidewall 1 8 are sealed together by means of a layer 32 
of low melting-point metal such as indium (In) which is 
lormed on the seating surface. 

[0054] Next, a method of manufacturing the FED con- 
stituted as described above will be described in detail. 
[0055] First, a phosphor screen 16 is formed on the 
glass plate used as a front substrate 1 1 . The screen 1 6 
is made by the following method. First, a glass plate of 
the same size as the front substrate 11 is prepared. A 
pattern of phosphor layers is formed on the glass plate 
by means of a plotter machine. The glass plate, with the 
phosphor pattern formed on It, is mounted on a position- 
ing jig. The jig holding the phosphor pattern is placed on 
an exposure table. Then, the pattern is exposed to light 
and developed, providing the phosphor screen 16. 
[0056] Next, an Al film having a thickness of 2500 nm 
or less is formed by the vapor deposition, sputtering, or 
the like, on the phosphor screen 1 6 thus formed. The Al 
film constitutes a metal back layer 17. 
[0057] Than, the electron-emitting elements 22 are 
formed on the rear substrate 12 that is an insulating sub- 
strate made of glass or ceramics. In this case, a con- 
ductive cathode layer shaped like a matrix Is formed on 
the glass plate. An insulating film made of silicon dioxide 
is formed on the conductive cathode layer by, for exam- 
ple, thermal oxidation, CVD, or sputtering. 
[0058] Thereafter, a metal film, such as molybdenum, 
niobium or the like, for use in forming gate electrodes, 
Is formed on this insulated film by for example, sputter- 
ing or electron-beam vapor deposition. A resist pattern 
that has a shape similar to the gate electrode to be 
formed on the metal film is formed by means of lithog- 
raphy. The metal film is subjected to wet etching method 
or dry etching, in which resist pattern is used as mask, 
The gate electrode 28 is thereby formed. 
[0059] Next, the insulated film is subjected to wet 
etching or dry etching, in which the resist pattern and 
the gate electrodes are used mask. Cavities 25 are 
thereby made, The resist pattern is removed, and elec- 
tron-beam vacuum evaporation is performed in a direc- 
tion that inclines to the rear substrate at a predetermined 
angle. An exfoliation layer made of aluminum, nickel, or 
cobalt is formed on the gate electrode 28. Then, molyb- 
denum, for example, is vapor-deposited as material of 
the rear substrate, in a vertical direction to the rear sub- 
strate by the electron-beam vapor deposition. The elec- 
tron-emitting elements 22 are thereby formed in the cav- 
ities 25. An exfoliation layer is then removed by lift-off 
method, together with the metal film formed on it. 
[0060] Thereafter, the peripheral edge of the rearsub- 
strate 12 that contains the electron-emitting elements 
22 and the rectangle frame-like sidewalls 1 8 are sealed 
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together in the atmosphere, by using low melting-point 
glass 30. At the same time, a plurality of support mem- 
bers 1 4 are sealed with low melting-point glass 30 to the 
rear substrate 12 in the atmosphere. 
[0061] More specifically, the organic solvent and a frit s 
glass are mixed. Binder such as cellulose nitrate is add- 
ed to the resultant mixture, thus adjusting the viscosity 
of the mixture. Frit glass in the form of paste is thereby 
prepared. The frit-glass material is applied to one of the 
scaling surfaces of the rear substrate 12 and the side- <o 
wall 1 8. Then, the rear substrate 1 2 now coated with the 
frit glass 30 end the sidewall 18 are set in mutual con- 
tact. The substrate 12 and the sidewall 18 in this state 
are inserted to an electric furnace. In the furnace they 
are healed to a temperature higher than the melting >s 
point of Irit glass 30. The substrate 12 and the sidewall 
18 are thereby sealed together. The unit comprising the 
rear substrate 12 and the sidewall 18 sealed together 
shall be called "rear substrate-sidewall assembly." 
[0062] The rear substrate 12 and the front substrate 20 
1 1 are sealed together, with the sidewall 18 interposed 
between them As FIG. 4 shows, indium used as metal 
sealing material is applied to the upper surface of the 
sidewall 1 8, which serves as a sealing surface, or to the 
peripheral edge portion of the front substrate 11. In the « 
embodiment, the indium is applied to the peripheral 
edge portion of the front substrate 11 An indium layer 
32 is thereby formed, extending along the entire periph- 
eral edge of the base layer. The indium layer 32 thus 
lormed is about 6mm wide. 30 
[0063] It is desired that the metal sealing material 
should have a low melting point of about 350°C or less 
and should excel in adhesion property and junction 
property. Indium (In) used in the embodiment not only 
has a melting point as low as 156.7°C. But also has it a 35 
low vapor pressure, is soft and resistant to impacts, and 
is not brittle at low temperatures. This metal musing ma- 
terial can adhere directly to glass, depending on condi- 
tions. Therefore, it is a material that helps achieve the 
object this invention. 40 
[0064] The low melting-point metal material is not lim- 
ited to indium. The material may be silver oxide, silver, 
gold, copper, aluminum, zinc, tin or the like, or an alloy 
of the metals. For example, In97%-Ag3% eutectic alloy 
has an even lower melting point ol 141°C and yet ex- is 
hibits a great mechanical strength. 
[0065] The term "melting point" is used in the above 
description. For alloys, each composed of two or more 
metals, a melting point may not be given uniquely. In 
such a case, generally llquidus-llne temperature and so 
salidus-line temperature are defined. The former is a 
temperature at which a part of the molten alloy starts 
solidifying as it is cooled. The latter is a temperature at 
which the alloy solidifies in its entirety. In connection with 
the embodiment, the term "melting point" is used to ss 
mean the solidus-line temperature , for explanatory con- 
venience. 

[0066] The front plate 11 having the indium layer 32 



formed on the sealing surface of the front plate, and the 
rear substrate-sidewall assembly comprising the rear 
substrate 1 2 and the sidewall 1 B sealed to the rear sub- 
strate are held by a jig (described later), with the sealing 
surfaces opposing each other and spaced apart from 
each other, as shown in FIG. 5. The front plate and the 
assembly held by the jig are inserted into a vacuum 
process apparatus. 

[0067] As depicted in FIG. 6, the vacuum process ap- 
paratus 1 00 has a loading chamber 101 , a baking/elec- 
tron-beam washing chamber 102, a cooling chamber 
103, a vacuum evaporation chamber 104 for depositing 
a getter film, an assembling chamber 105, a cooling 
chamber 106, and an unloading chamber 107. These 
chambers are arranged in the order they are mentioned. 
Each chamber serves as a process chamber in which a 
vacuum process can be performed. To manufacture the 
FED, all chambers are evacuated. Any adjacent proc- 
ess chambers are connected by gate valves or the like. 
[0068] The rear substrate-sidewall assembly and the 
front substrate 11, which oppose each other and are 
spaced apart by a prescribed distance, are inserted into 
the loading chamber 101 . After a vacuum is generated 
in the loading chamber 1 01 , the assembly and the front 
substrate 11 are transferred into the baking/electron- 
beam washing chamber 1 02. In a baking/oleetron-beam 
washing chamber 102, the rear substrate-sidewall as 
sembly and the front substrate are heated to a temper- 
ature of about 300°C and are thereby baked, when the 
vacuum attains a degree of about 1 0* Pa. The surface- 
adsorbed gas is fully released from every component of 
the assembly and the front substrate. At this tempera- 
ture, the Indium layer 32 (having melting point of about 
156°C) melts. 

[0069] In the baking/electron-beam washing chamber 
102, an electron beam generator (not shown) provided 
in the chamber 102 applies an electron beam to the 
phosphor screen provided on the front substrate 1 1 and 
the electron-emitting elements 22 provided on the rear 
substrate 1 2. The electron beam is deflected by a de- 
llection unit that is arranged outside the electron beam 
generator. Therefore, the phosphor screen and the sur- 
face of every electron-emitting element 22 can be 
washed with the electron beam. 
[0070] After heated and washed with an electron 
beam, the rear substrate-sidewall assembly and the 
front substrate 1 1 are transferred Into the cooling cham- 
ber 103 and cooled lo a temperature of, for example. 
100"C. Then, the rear substrate-sidewall assembly and 
the front substrate 1 1 are transferred into the vacuum 
evaporation chamber 1 04. In the chamber 1 04, a Ba film 
is vapor-deposited, as a getter film, on the phosphor 
screen. The Ba film is prevented from contaminated with 
oxygen, carbon, and the like. The Ba film can therefore 
remain in active state. The getterfilm is formed at a tem- 
perature of 50°C to 150°C by vapor deposition that is 
usually employed In the art. 

[0071J Next, the rear substrate-sidewall assembly 
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and the front substrate 11, opposing each other, are 
transferred into the assembling chamber 105. In the as- 
sembling chamber 1 05, the assembly and the front sub- 
strate 1 1 are sealed to each other, with the indium layer 
32 interposed between them. As illustrated in FIG. 7, a 
front-substrate base 1 1 0 that incorporates a first heater 
110a is arranged in the assembling chamber 105 that 
serves as a vacuum vessel. Above the base 110 there 
is provided a rear-substrate holding jig 1 1 2 that Incorpo- 
rates a second heater 1 1 2a. The jig 1 1 2 faces Ihe front- 
substrate base 1 1 0. The rear substrate-sidewall assem- 
bly and the front substrate 11 are supported by the jig 
1 1 2 and the front-substrate base 110, respectively, and 
oppose each other. 

[0072] The heaters 110a and 112a heats at least the 
junction to 350°C or less, preferabl y to 6 0 °C to 30(ECt- 
in the assembling chamber 105, while depressurizing 
and evacuating the chamber 105 to a vacuum degree 
(atmospheric pressure) of 10' 5 Pa or less. A sealing 
process is thereby accomplished. 
[0073] When the assembling chamber 1 05 attains a 
vacuum degree of 10- 5 Pa or less, the first heater 110a 
starts heating the front substrate 11 to about 200"C. 
Then, the indium layer 32 is melted or softened. In this 
state, a vertical drive unit 114 moves down the rear sub- 
strate-sidewall assembly secured to the rear-substrate 
holding jig 112. The sealing surface of the sidewall 18 
is bought into contact with the indium layer 32 provided 
on a front substrate 1 1 . Then, the Indium layer 32 is 
cooled in the assembling chamber 105 to 50°C or less. 
The indium layer 32 therefore solidifies. Thus, the Indi- 
um Iayer32 fuses the sidewall 1 8 and the front substrate 
11 together, whereby an evacuated envelope 10 is 
formed. 

[0074] The envelope 1 0 thus formed is cooled to nor- 
mal temperature in the cooling chamber 1 06. Then, the 
envelope 1 0 is moved from the unloading chamber 107 
into the atmosphere. The FED is thereby manufactured 
by the method described above. 
[0075] In the method described above, which manu- 
factures the FED, the front substrate 11 and the rear 
substrate 12 are sealed together In a vacuum atmos- 
phere, and the surface adsorption gas can be sufficient- 
ly released from the substrate as the substrates 11 are 
baked and washed with an electron-beam. The getter 
film remains not oxidized, and a sufficient gas adsorp- 
tion effect, can be attained. Hence, the method can pro- 
vide an FED that maintains a high vacuum degree and 
exhibits good emission characteristic for a long time. 
Further, the method needs no components (a small tube 
for exhaust gas, and the lite) that the conventional 
method must use to exhaust the gas. The method can 
manufacture an FED thai is thin and has good display 
characteristic. 

[0076] The use of indium as sealing material sup- 
presses foaming at the time of sealing. This helps to pro- 
vide an FED having high air-lightness and sealing 
strength. Therefore, sealing can be achieved easily and 
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reliably even if the FED is an image display apparatus 
of a size of 50 inches or more. 
[O077J In the embodiment described above, the indi- 
um layer 32 Is formed on only the sealing surface of the 

s Irani substrate 11 or the sealing surface of the sidewall 
18 to accomplish the sealing. Nonetheless, the indium 
layer 32 may be formed on both the sealing surface of 
the front substrate 1 1 and the sealing surface of the side- 
wall 1B, in order to achieve the sealing. 

10 [0078] The indium layer provided on the sealing sur- 
face of the front substrate 1 1 or the sealing surface of 
the sidewall 1 8, or on both, can be heated to a temper- 
ature higher than the melting point, outside vacuum 
process apparatus. In this case, the indium layer as- 

's sumes a molten state and applying ultrasonic waves to 

the junction between the indium layer and the sealing 

surface to increase the adhesion at the junction. 
[0079] A low melting-point metal sealing material 
such as indium and an indium alloy is soft (less hard) 

20 even in solid state. If the junclion is heated to about 60°C 
to 200°C, which is lower than the melting point, and the 
sidewall 18 of the rear substrate-sidewall assembly is 
pressed onto the indium layer 32, the sidewall 18 and 
Ihe front substrate 11 can be joined and sealed together. 

25 [0080] Inthesealingprocess, the rear substrate-side- 
wall assembly may be arranged below the front sub- 
strate. If so, the front substrate is positioned, with its 
sealing surface facing the assembly. The vertical drive 
unit moves down the front substrate, thereby to seal the 

30 sidewall and the front substrate together. Further, the 
one circumferential edge of either the front substrate or 
the rear substrate may be bent, and these substrates 
may be directly sealed together, with no sidewall inter- 
posed between them. 

35 [0081] As shown in FIG. 8, a groove 19 may be formed 
in the soallngsurfaceof the front substrate 11 , extending 
along the entire circumference, and the indium layer 32 , 
used as a low melting-point metal material, may be pro- 
vided in this groove 19. The cross section of the groove 

40 18 may be square, round, semicircle form, or arcuate. 
This embodiment is identical to the first embodiment in 
terms of other structural aspects and sealing method. 
[0082] In this structure, the indium layer 32 is melted 
or softened at the time of sealing and accumulated in 

<9 the groove 19 of the front substrate 11 . It remains at a 
predetermined position, not flowing out of the groove 19. 
It is therefore easy to handle indium. Therefore, the rear 
subslrate-sidewall assembly and the front substrate can 
be sealed together both easily and reliably, even il the 

so image display apparatus they constitute is a large one 
having a large size of 50 inches or more. 
[0083] Next, an FED according to the second embod- 
iment of this invention and a method of manufacturing 
the same will be described. The components identical 

55 to those of the first embodiment are designated at the 
same reference numerals and will not be described in 
detail. 

[0084] In the second embodiment, low melting-point 
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glass 30, such as frit glass, seals the rear substrates 12 [0091] Applying of the indium to the base layer 31 

and sidewall 1 8 which constitute an evacuated envelope formed on the sealing surface, i.e. , application of indium, 

10. as is illustrated in FIG. 9. The front substrate 11 and Is performed bymeans of the following sealing-materiai 

the sidewall 1 8 are sealed to each other by means of a applying apparatus. 

sealing layer 33 which is composed of a base layer 31 * [0092] As shown in FIG. 11, the sealing-materiai ap- 

formed on the sealing surface and an indium layer 32 plying apparatus comprises a supporting base 40 that 

formed on the base layer 31 . This FED is identical to the has a flat mounting surface 40a. 

first embodiment in any other structural features. [0093] On the mounting surface, there are arranged 

[0OB5] A method of manufacturing the FED according a hot plate 42, a positioning mechanism 44, an applying 

lo the second embodiment will be explained in dotail. 10 head 46, and a head-moving mechanism 48. The hot 

[0086] A front substrate 11 on which a phosphor plate 42 is a flat rectangle board. The positioning mech- 

screen 1 6 and a metal back 17 are provided, a rear sub- anism 44 is designed to position on the hot plate an ob- 

strate 12 on which electron-emitting elements 22 are ject to be sealed. The head-moving mechanism 48 is 

provided, and a rectangle frame-like sidewall 1 8 are pre- configured to move the applying head 46 relative to the 

pared by the same method as in the first embodiment, ts object to be sealed. 

Then, the peripheral edge portion of the rear substrate [0094] The rear substrate 12 or the front substrate 11 

12, on which the electron-emitting elements 22 are pro- is placed on the hot plate 42. Notethat the rear substrate 

vided, and the rectangle frame-like sidewall 18 are 12 Is the object to be sealed and that the sidewall 18 is 

sealed together, with low melting-point glass 30 In the sealed to the hot plate 42. The hot plate 42 functions 

atmosphere. Simullaneously, a plurality of support 20 also as means for healing the object to be sealed 

members 14 is sealed to the rear substrate 12 in the [0095] The positioning mechanism 44 has three posi- 

atmosphere with low melting-point glass 30. tionlng claws 50 and two control claws 52. Theposltlon- 

[0087] Then, the rear substrata 12 and the front sub- ing claws 50 are fixed in position. Two of the positioning 

strate 11 are sealed to each other, with the sidewall 18 claws 50 contact one side of the front substrate 11 

interposed between them. More precisely, as shown in 2« mounted on the hot plate 42. The remaining positioning 

FIG. 1 0A and FIG. 10B, an base layer 31 having a pre- claw 50 contacts a side of the front substrate 11, which 

determined width is formed on the upper surface of the extends at right angles to said side. The control claws 

sidewall 18 and on the peripheral edge portion of the 52 contact the other sides of front substrate 11, respec- 

inner surface of the front substrate 11, which serve as tively, to bias the front substrate 11 elastically toward the 

sealing surfaces. In this embodiment, the base layer 31 so positioning claws 50. 

is formed by applying silver paste. [0096] As FIGS. 1 1 and 12 show, the applying head 

[0088] The base layer 31 is coated with indium used 46 comprises a storage section 54, a nozzle 55, and an 

as low melling-point metal sealing material. An indium ultrasonic vibrator 56. The storage section 54 stores 

layer 32 is thereby formed, extending along the entire molten indium. The nozzle 55 receives the molten indi- 

of the base layer. The indium layer 32 is narrower than 3s U m from the storage section 54 and applies the molten 

the base layer 31 Therefore, the both sides of the indi- indium to the sealing surface of the front substrate 1 1 . 

um layer lie at predetermined distances from the sides The ultrasonicvlbrator56 is secured to the outersurface 

ol the base layer 31 , respectively. For example, when of the nozzle 55 and lunctions as a section for generat- 

the width of a sidewall 1 8 is 9mm, the base layer 31 and ing ultrasonic waves. A supply pipe 58 for supplying 

the indium layer 32 are 7mm and about 6mm wide, re- 40 purge gas is connected to the applying head 46. The 

spectively. applying head 46 incorporates a heater 60 that heats 

[0089] The low melting-point, metal sealing material the nozzle 55 

is not limited to indium (In). Rather, it may be sliver oxide, [0097J As seen from FIG. 11 , the head-moving mech- 

silver, gold, copper, aluminum, zinc or tin, or an alloy of anism 48cornprises a Z-axis driva robot 62 and a Y-axis 

al least two of these metals. In97%-Ag3% euteotic alloy, is drive robot 64. The Z-axis drive robot 62 supports the 

for example, has a lower melting point of 141°C and a applying head 46 to be movable in the Z axis direction ' 

greater mechanical strength than indium. lhat is perpendicular to the mounting surface 40a of the 

[0090] Tho base layer 31 is made of material exhibit- supporting base 40, or to Ihe front substrale 11 placed 

ing good wettability and high air-tightness with respect on the hot plate 42. The Y-axis drive robot 64 supports 

to the metal sealing material. In other words, the layer so the Z-axis drive robot 62 to be movable back and forth, 

31 is made of material having affinity with the metal seal- in the Y axis direction that is parallel to the short sides 

ing material. It may be made of material other than the of Ihe front substrate 11 . Another X-axis drive robot 66 

metal paste described above. More specifically, it may and an auxiliary rail 67 are secured on the mounting sur- 

be made of gold paste, aluminum paste, nickel paste, face 40a. This X-axis drive robot 66 and the auxiliary rail 

cobalt paste, or copper paste, or the like. Further, the 55 67 cooperates to support the Y-axis drive robot 64 and 

base layer 31 may be a plated layer or deposited layer move the robot 64 back and forth in Ihe X axis direction 

of silver, gold, aluminum, nickel, cobalt, copper or the thatlsparalleltothelongsidesofthefrontsubstrateH. 

like, or a glass material layer. [0098] To apply indium by means of the sealing-ma- 
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teriai applying apparatus, the front substrate 11 is 
placed on the hot plate 12, with the sealing surface 
turned upward, as illustrated in FIG. 1 1 . Then, the posi- 
tioning mechanism 44 sets the front substrate 11 at a 
predetermined positron. The applying head 46 storing 
molten indium is set at a applying start position, as 
shown in FIG. 12. The head-moving mechanism 48 
moves the applying head 46 a prescribed speed along 
with the sealing surface of the front substrate 11, i.e., 
the base Iayer31 formed on thefront substrate 1 1 . White 
the applying head 46 is being moved, the nozzle 55 con- 
tinuously applies the molten indium onto the base layer 
32. An indium layer 32 is thereby formed, extending 
along all sides of the base layer. At the same time, the 
ultrasonic vibrator 56 is operated, applying ultrasonic 
waves to the molten indium being so applied from the 
nozzle 55. 

[0099] The ultrasonic waves are applied in a direction 
perpendicular to the sealing surface of the front sub- 
strate 11, i.e., the base layer formed on the front sub- 
strate 11. The frequency of an ultrasonic wave is set at, 
for example, 30 to 40 kHz. 

[01 00] As Indicated above, indium is applied while, ul- 
trasonic waves are being applied. Hence, the wettability 
that the indium has increases, making it possible to fill 
the indium at any desired position, Further, indium can 
be continuously applied along the base Iayer31 , forming 
an indium layer that extends along all sides of the base 
layer. Since the molten indium is applied while ultrasonic 
waves are being applied, a part of the indium can diffuse 
into the surface of the base layer. An alloy layer can be 
thereby formed when the process of applying indium is 
completed. 

[0101] In the process of applying Indium, the rate of 
applying indium is controlled by adjusting either the os- 
cillation magnitude of the ultrasonic waves or the diam- 
eter of the indium-applying orifice of the Indium of a noz- 
zle 55. The thickness, width and the like of the indium 
layer formed can, therefore, be adjusted, 
[0102] To fill indium on the sealing surface of the side- 
wall 18 sealed to the rear substrate 12, that is, on the 
base layer 32 in this instance, the rear substrate 12 is 
positioned on the hot panel 42 of the sealing-material 
applying apparatus, as has been described above. The 
applying head 46 continuously applies molten indium 
along the base layer 31, while applying ultrasonic 
waves. An indium layer 32 is thereby formed, continu- 
ously extending along the base layer 31 . 
[0103] Next, as shown in FIG. 13, the front substrate 
1 1 and the rear substrate-sidewall assembly are held 
with a jig orthe like, with their sealing surfaces opposing 
each other and spaced from each other by a predeter- 
mined distance. Note that the base layer 31 and the in- 
dium layer 32 are provided on the sealing surface of the 
front substrate 1 1 . Also note that the rear substrate-side- 
wall assembly comprises the rear substrate 1 2, the side- 
wall 18 sealed thereto, and the base layer 31 and the 
indium layer 32, both formed on the upper surface of the 
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sidewall 18. The front substrate 11 and the rear sub- 
strate-sidewall assembly are inserted into the vacuum 
process apparatus 100 described earlier. 
[0104) In the vacuum process apparatus 1 00 and the 

s electron-beam washing chamber 102, the front sub- 
strate 11 and the rear substrate-sidewall assembfy are 
heated, as in the first embodiment, to a temperature of 
about 300°C and thereby baked when the degree of 
vacuum reaches a high value of about 1 0 -5 Pa. Thus, the 

io surface adsorption gas is fully released from each com- 
ponent. 

[0105] At this temperature, the indium layer 32 (hav- 
ing a melting point of about 156°C) melts. However, the 
indium remains on the base layer 31 , not flowing from 

<s the layer 31 , because the indium layer 32 is formed on 
the base layer 31 that exhibits high affinity with indium. 
This prevents indium from flowing to the electron-emit- 
ting-elements 22, flowing from the rear substrate or to 
the phosphor screen 16. 

20 [0106] The rear substrate-sidewall assembly and the 
front substrate 11 are cooled to a temperature of about 
1 00°C in the cooling chamber 1 03, after they have been 
heated and washed with an electron beam. Then, in the 
vacuum evaporation chamber 1 04, vacuum evaporation 

25 formation of a Ba film Is formed as getter film, outside 
the phosphor screen, by means of vapor deposition. 
[0107] Next, the rear substrate-sidewall assembly 
and the front substrate 11 are transferred into the as- 
sembling chamber 1 05. In the assembling chamber 1 05, 

30 the assembly and the front substrate 1 1 are heated to 
200°C. The indium layer 32 melts or softens to assume 
liquid state again. The front substrate 11 and the side- 
wall 18 are joined together. A predetermined pressure 
is applied to the front substrate 11 and the sidewall 18, 

35 The indium is gradually cooled and solidified. The seal- 
ing layer 33, which fuses the indium layer 32 and the 
base layer 31 together, connects the front substrate 1 1 
and the sidewall 1 8, An evacuated envelope 1 0 is there- 
by formed, 

40 [0108] The evacuated envelope 10 thus formed is 
cooled to normal temperature in the cooling chamber 
106. The evacuated envelope 10 is removed from the 
unloading chamber 107. An FED is thereby manufac- 
tured by performing the above-mentioned sequence of 

« process. 

[0109] In the FED configured as specified above and 
in the method of manufacturing the same, the front sub- 
strate 11 and the rear substrate 12 are sealed together 
in a vacuum atmosphere. The surface adsorption gas is 

so therefore fully released as the substrate 11 and the as- 
sembly are baked and washed with an electron beam. 
The getter film remains not oxidized, and a sufficient gas 
adsorption effect can be accomplished. The FED ob- 
tained can therefore maintain a high degree of vacuum. 

55 [0110] Since indium is used as sealing material, foam- 
ing can be suppressed at the time of the sealing proc- 
ess. This makes it possible to provide an FED having 
high air-tightness and great sealing strength. In addition, 
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indium can be prevented from flowing though it malts in 
the sealing process. This is because the base layer 31 
is formed in the bottom of the indium layer 32. The indi- 
um layer remains at the predetermined position. That is, 
it is easy to handle indium. Thus, the components can s 
be easily and reliably sealed to one another, even if they 
form a large-sized, 50-inch image display apparatus. 
[0111] Furthermore, the wettability of indium to any 
sealing surface or the base layer 31 improves because 
indium is applied while ultrasonic waves are applied. In- to 
dium used as metal sealing material can be applied at 
a desired position. Molten indium can be continuously 
applied along the base layer 31 . An indium layer can 
thereby be formed, extending, without breaks, along 
with the base layer. Moreover, if a base layer 31 is used ts 
as in this embodiment, molten indium is applied while 
ultrasonic waves are being applied. In this case, a part 
of the indium applied diffuses into the surface of the 
base layer 31 , forming an alloy layer. Even if the Indium 
melts at the time of sealing, It is prevented from flowing. 20 
The molten indium reliably remains at the predeter- 
mined position. 

[0112] Hence, it is easy to handle the metal sealing 
material is easy. The invention can provide a method of 
manufacturing an image display apparatus, which can 25 
perform sealing easily and reliably in a vacuum. 
[0113] In the second embodiment described above, 
the base layer 31 and the indium layer 32 are formed 
on both the sealing surface of the front substrate 11 and 
the sealing surface of thesldewall 1 8, and the base layer so 
31 and the sidewall 18 are sealed together. Nonethe- 
less, a base layer 31 and an indium layer 32 may be 
formed on only the sealing surface of either the front 
substrate 11 or the sidewall 18. For example, a base 
layer 31 and an indium layer 32 may be formed on the as 
sealing surface of the front substrate 11 as illustrated in 
FIG. 14. 

[0114] As in the first embodiment, an indium layer 
may be formed directly on the sealing surface of the sub- 
strate or sidewall, without using a base layer. In this « 
case ; too, molten indium may be applied, while applying 
ultrasonic waves in the sealing-material applying appa- 
ratus described above. The wettability that the indium 
layer exhibits with respect the sealing surface therefore 
improves. Hence, indium can be continuously applied 49 
at a desired position. 

[0115] In the second embodiment, a sealing layer 33 
that seals the base layer 31 and the indium layer 32 may 
be used to fuse the rear substrate 12 and the sidewall 
18 together. Further, the peripheral edge portion of the so 
front substrate or the peripheral edge portion of the rear 
substrate may be bent, and these substrates may be 
coupled together at the edge portion, using no sidewalls. 
The indium layer 32 need not have, in its entirety, a width 
smaller than that of the base layer 31. Rather, it suffices 
for the layer 32 to have at least one part that is less wide 
than the base layer 31 . In this case, too, It Is possible to 
prevent indium from flowing. 



[01 16] An FED according to a third embodiment of the 
invention and a method of manufacturing this FED will 
be described. The components identical to those of the 
first embodiment are designated at the same reference 
numerals and will not be described in detail. 
[0117J in the third embodiment, low melting-point 
glass 30, such as a fril glass, seals the rear substrate 
1 2 and the sidewall 1 8 that form an evacuated envelope 
10, as is illustrated in FIG. 15. A base layer 31 formed 
on the sealing surface and an indium layer 32 formed 
on the base layer 31 seal the front substrate 11 and the 
sidewall 1 8. The FED is identical in structure to the first 
embodiment in any other structural aspects. 
[0118] The method of manufacturing the FED accord- 
ing to the third embodiment will be explained in detail. 
[0119] First, the front substrate 11, the rear substrate 
12, and the sidewall 18 are prepared in the same way 
as in the first embodiment. The front substrate 1 1 com- 
prises a phosphor screen 1 6 and a metal back 1 7. The 
rear substrate 1 2 has electron-emitting elements 22 pro- 
vided on it. Then, the edges of the rear substrate 12, on 
which the electron-emitting elements 22 are formed, are 
sealed to the sidewall 18shapedlike a rectangle frame, 
with low melting-point glass 30 in the atmosphere. Si- 
multaneously, a plurality of support members 14 is 
sealed to the rear substrate 12 with low melting-point 
glass 30 in the atmosphere. 

[0120] Thereafter, the rear substrate 12 and the front 
substrate 11 are sealed together, with the sidewall 18 
interposed between them. More precisely, a baso layer 
31 is formed on the inner surfaces of all edge parts of 
the front substrate 1 1 , which serve as a sealing surface 
11a of the front substrate 11, as shown in FIGS, 16A, 
16B and 17. The sealing surface 11a is shaped like a 
rectangular frame and corresponds to the upper surface 
of the sidewall 18 that serves as the sealing surface 1 8a 
of the rear substrate 12. The sealing surface 11a ex- 
tends along the peripheral edge of the front-substrate 
11. The surface 11a has two sets of straight parts and 
four comer parts. The straight parts of each set oppose 
each other. The sealing surface 11a has almost the 
same dimension and the same width as the upper sur- 
face of the sidewall 18 

[0121] The base layer 31 is formed, a slightly less 
wide than sealing surface 11a. In this embodiment, the 
base layer 31 is formed by applying silver paste 
[0122] Then, indium is applied as metal sealing ma- 
terial onto the base layer 31 , thus forming an indium lay- 
er 32. The indium layer 32 continuously extends, without 
breaks, along the base layer 31 . Those portions of the 
indium layers 32, which extend along the straight parts 
of sealing surface 11a, comprise each a rigid-frame like 
patterns. These patterns are arranged at a predeter- 
mined pitch and have sharply bent parts 32a each. The 
indium layer 32 has an almost fixed width. Both sides of 
the indium layer 32 have many bent parts, too. Note that 
the indium layer 32 lies on base layer 31 , not extending 
from the layer 31 , 
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[0123J The metal sealing material used is identicat to 
those used in the other embodiments described above. 
The base layer is made of the same identical as those 
ol the other embodiments. 

[0124] The front substrate 11 having the base layer 5 
31 and the indium layer 32 formed on the sealing surface 
1 1 a, and the rear substrate-sidewall assembly compris- 
ing the rear substrata 12 and the sidewali 1 8 sealed to 
the substrate 12 are held by a jig or the like, with the 
sealing surfaces 11a and 18a opposing each other and !0 
spaced apart by a predetermined distance, as shown in 
FIG. 18. The front substrate 11 and the rear substrate- 
sidewall assembly, thus held, are inserted into the vac- 
uum process apparatus 100 described above. 
[0125] As in the first embodiment, the assembly and <5 
the front substrate 11 are transferred into the baking/ 
electron-beam washing chamber 102. In a baking/elec- 
tron-beam washing chamber 102, the rear substrate- 
sidewall assembly and the front substrate are heated to 
a temperature of about 300'C and are thereby backed, 
when the vacuum attains a degree of about 1 0-5 Pa. The 
surface-adsorbed gas is fully released from every com- 
ponent of the assembly and the front substrate, 
[01 26] At this temperature, the indium layer 32 (hav- 
ing melting point of about 156°C) melts. Nonetheless, 2$ 
molten indium Is prevented from flowing, because the 
Indium layer 32 Is provided In the form of the pattern 
having a number ol bent parts 32a, as indicated above. 
In addition, since the Indium layer 32 is formed on the 
base layer 31 that exhibits high affinity with indium, the 30 
molten indium remains on the bass layer 31 , not flowing 
from the layer 31. Thus, the molten indium would not 
flow from the base layer 31 to the electron-emitting-el- 
ements 22, from the rear substrate, or to the phosphor 
screen 16. 3s 
[0127] The rear substrate-sidewall assembly and the 
front substrate 11 are cooled to a temperature of about 
1 00"C in the cooling chamber 1 03, after they have been 
heated and washed with an electron beam. Then, in the 
vacuum evaporation chamber 1 04, vacuum evaporation « 
formation of a Ba film is formed as getter film, outside 
the phosphor screen, by means of vapor deposition. 
[0128] Next, the rear substrate-sidewall assembly, 
and the front substrate 11 are transferred into the as- 
sembling chamber 1 05. In the assembling chamber 1 05, « 
the assembly and the front substrate 11 are heated to 
200°C. The indium layer 32 melts or softens to assume 
liquid state again. Since the indium layer 32 is formed 
in the shape of the pattern having a number of bent part 
32a and is formed on the base layer 31 exhibiting high f 
affinity with indium, as indicated above, the molten indi- 
um remains on the base layer 31 , not flowing from the 
layer 31. The front substrate 11 and the sidewalM8 are 
joined together in this condition. A predetermined pres- 
sure is applied to the front substrate 11 and the sidewali 55 
1 8. The indium Is gradually cooled and solidified. The 
sealing layer 33, which fuses the indium layer 32 and 
the base layer 31 together, connects the front substrate 



11 and the sidewali 18. An evacuated envelope 10 is 
thereby formed. 

[0129] The evacuated envelope 10 thus formed is 
cooled to normal temperature in the cooling chamber 
106. The evacuated envelope 10 is removed from the 
unloading chamber 107. An FED is thereby manufac- 
tured by performing the above-mentioned sequence of 
process. 

[0130] In the FED configured as specified above and 
in the method of manufacturing the same, the front sub- 
strate 11 and the rear substrate 12 are sealed together 
in a vacuum atmosphere. The surface adsorption gas is 
therefore completely released as the substrate 1 1 and 
the assembly are baked and washed with an electron 
beam. The getter film remains not oxidized, and a suf- 
ficient gas adsorption effect can be accomplished. The 
FED obtained can therefore maintain a high degree of 
vacuum. 

[0131] Since Indium Is used as sealing material, foam- 
ing can be suppressed at the time of the sealing proc- 
ess. This makes it possible to provide an FED having 
high air-tightness and great sealing strength. Further, 
the indium, if melted during the sealing process, can re- 
main at a prescribed position, not flowing from the po- 
sition, because the indium layer 32 is formed in a pattern 
having a number of bent parts 32a. Hence, it is easy to 
handle indium. The components can be easily and reli- 
ably sealed to one another, even if they form a large- 
sized, 50-inch image display apparatus. 
[0132] In the present embodiment, the Indium layer 
32 is formed on the high base Iayer31 that exhibits high 
affinity with indium. Therefore, indium, if melting during 
the sealing process, is more reliably prevented Irom 
flowing than In the other embodiments. This renders it 
possible to accomplish easy and reliable sealing. 
[0133] In the embodiment described above, the indi- 
um layer 32 extends along all straight edges of the seal- 
ing part 11a and each portion extending one edgE of the 
sealing part 11a has a number of bent parts over its en- 
tire length, Nevertheless, each portion of the layer 32 
may have bent parts or curbed parts at only one part or 
more. In this case, too, the molten Indium can be pre- 
vented from flowing as in the embodiment described 
above. 

[0134J The patterns constituting the indium layer 32 
is not limited to frame-structure ones. Rather, they may 
be such patterns as illustrated in FIG. 19Ato FIG, 19D. 
The patterns of FIG. 19A to FIG. 19D result in the same 
functional advantage. The indium layer 32 may have the 
saw-toothed pattern of FIG. 19A, consisting of bent 
parts 32, each bent at an acute angle 6. It may have a 
crank-shaped pattern of FIG. 19B, having bent parts 32 
bent at almost right angles. It may have the pattern of 
FIG. 19C consisting of bent parts, each bent in the form 
of an inverted triangle. It may have the waving pattern 
of FIG. 19D, consisting of arcuate parts 32b. Alterna-' 
lively, the indium layer 32 may have a pattern that con- 
sists of bent parts and curved parts. 
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[0135] In the various embodiments and various mod- 
ifications, described above, the indium layer 32 has 
(ixed width. Nonetheless, the indium layer may consist 
of parts having different widths so that one side or both 
sides are undulated. 

[0136] For example, rectangular projections 40 may 
protrude from both sides of the layer 32 and spaced 
apart in the lengthwise direction of the layer 32, as is 
illustrated in FIG. 20A or FIG. 20C. Alternatively, semi- 
circular projections 41 may protrude from both sides of 
the layer 32 and spaced apart in the lengthwise direction 
of the layer 32, as is shown in FIGS. 20B and 20D. 
[0137] The projections 40 and 41 may be arranged as 
shown in FIGS. 20A and 20B, each overlapping the 
nearest one projecting from the opposite side of Ihe lay- 
er 32. Alternatively, the projections 40 and 41 may be 
arranged as shown in FIGS. 20C and 20D, each stag- 
gered with respect to nearest one projecting from the 
opposite side of the layer 32. 

[0138] Even if the indium layer 32 has any one of 
these specific patterns, it is possible to suppress the 
flowing of molten indium. The shape of projections is not 
limited to a rectangular one and an arcuate one. Any 
other shape can be selected for the projections. More- 
over, the projections only need to protrude from at least 
one side of the indium layer 32, to prevent the molten 
indium from flowing. 

[0139] In the third embodiment described above, a 
base layer is formed on a sealing surface and an Indium 
layer is formed on the base layer. Instead, no base layer 
may be formed and an indium layer may be formed di- 
rectly on the sealing surface. In this case, too, It Is pos- 
sible to suppress the flowing of molten indium, thereby 
to attain the same functional advantage as in the other 
embodiments, only if the indium layer has such bent, 
such curved parts or such projections as described 
above. Further, indium may be applied while ultrasonic 
waves are being applied, as In the second embodiment. 
[0140] In Ihe third embodiment, the sealing process 
is carried out, with the base layer 31 the indium layer 32 
formed on only the sealing surface 11 a of the front sub- 
strate 1 1 . Nonetheless, the process may be performed, 
with the layers 31 and 32 formed on only the sealing 
surface 1 8a of the sidewall 1 8, or, as shown in FIG. 21, 
on both the sealing surface 11a of the front substrate 1 1 
and the sealing surface 18a of the sidewall 18. 
[0141] The present invention is not limited to Ihe em- 
bodiment described above. Various modifications can 
be made within the scope of the invention. For example, 
the rear substrate and the a sidewall may be sealed to- 
gether, by using a sealing layer that comprises a base 
layer and an indium layer, which are similar to the layers 
31 and 32 described above. Furthermore, the front sub- 
strate or the rear substrate may be bent at one edge and 
directly coupled to each other, with no sidewall inter- 
posed between them. 

[01 42] In the embodiment described above, the elec- 
tron-emitting elements used are of field emission type. 



The electron-emitting elements are not limited to this 
type. The electron-emitting elements may be of other 
type, for example, pn type cold-cathode elements, sur- 
face conduction type electron-emitting elements, or mi- 
s crochip type electron-emitting elements. Further, this in- 
vention can be applied to image display apparatuses of 
other types, such as plasma display panels (PDP) and 
electroluminescence (EL) apparatuses. 

ro Industrial applicability 

[0143] According to the present invention described 
above, the substrates forming an envelopecan be easily 
sealed together in a vacuum atmosphere, by using a 

'5 metal sealing material. They are sealed at a low tem- 
perature that does no thermal damages to electron- 
emitting elements and the like. Further, no bubbles are 
generated in the sealing material and the like. This helps 
to improve the air-tightness of the envelope and the 

2" sealing strength. Therefore, the invention can provide 
an image display apparatus that can display high-quality 
images and can also provide a method of manufacturing 
such an image display apparatus. 



Claims 

1. An image display apparatus comprising an enve- 
lope having a rear substrate, a front substrate op- 
posing the rear substrate, and a number of electron- 
emitting elements provided In tha envelope, 

the tront substrate and the rear substrate be- 
ing sealed, at peripheral edge parts, either directly 
or_ indirectly to each other with low melting-point 
metal sealing material. 

2. An image display apparatus according to claim 1 , 
wherein the envelope comprises a sidewall ar- 
ranged between the peripheral edge part of the front 
substrate and the peripheral edge part of the rear 
substrate, and the front substrate and the rear sub- 
strate are sealed together with the low melting-point 
metal sealing material, with the sidewall interposed 
between the front and rear substrates. 

3. An image display apparatus according to claim 2, 
wherein the sidewall has a shape of a frame. 

4. An image display apparatus according to claim 1 , 
wherein the low melting-point metal sealing materi- 
al has a melting point of 350"C or less. 

5. An image display apparatus according to claim 4, 
wherein the low melting-point metal sealing materi- 
al is indium or an alloy containing indium. 

6. An image display apparatus comprising an enve- 
lope having a rear substrate, a front substrate op- 
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posing the rear substrate, a phosphor screen 
formed on an inner surface of the front substrate, 
and a number of electron-emitting elements provid- 
ed on an inner surface of the rear substrate and con- 
figured to emit electron beams, s 

the front substrate and the rear substrate be- 
ing sealed, at peripheral edge parts, either directly 
or indirectly to each other with low melting-point 
metal sealing material. 

10 

7. A method ol manufacturing an image display appa- 
ratus which comprises an envelope having a rear 
substrate, a front substrate opposing the rear sub- ■ 
strate, and a number of electron-emitting elements 
provided in the envelope, said method comprising 15 
the steps of: 

applying low melting-point metal sealing mate- 
rial to a sealing surface lying between the rear 
substrate and the front substrate; and x 
sealing the rear substrate and the front sub- 
strate together, either directly or indirectly to 
each other, by heating the rear substrate and 
the front substrate in a vacuum atmosphere 
and melting the low melting-point metal sealing 2S 
material. 

8. A method of manufacturing an imago display appa- 
ratus according to claim 7, wherein a sidewall 
shaped like a frame is arranged between the pe- 30 
ripheral edge part of the front substrate and the pe- 
ripheral edge part of the rear substrate, and the front 
substrate and the rear substrate are sealed togeth- 
er with the low melting-point metal sealing material, 
with the sidewall Interposed between the front sub- 3s 
strate and the rear substrate. 

9. A method of manufacturing an image display appa- 
ratus according to claim 7, wherein the low melting- 
point metal sealing material has a melting point of 40 
350°C or less. 



of sealing the sealing surface between the front 
substrate and the rear substrate by the low melting- 
point metal sealing material at a temperature lower 
than the temperature used in the evacuating step, 
after the evacuating step; and a step of bringing the 
envelope sealed with the low melting-point metal 
sealing material, back Into the atmosphere. 

13. A method of manufacturing an image display appa- 
ratus according to claim 12, wherein the sealing is 
performed by using the low melting point metal seal- 
ing material at a temperature of 60 to 300° C. 

14. A method of manufacturing an image display appa- 
ratus according to claim 7, wherein the front sub- 
strate and the rear substrate are moved relative to 
each other in the step of sealing the rear substrate 
and the front substrate. 

15. A method of manufacturing. an image display appa- 
ratus according to claim 8, wherein after sealing the 
rear substrate and the sidewall substrate to each 
other to form an assembly, moving the assembly 
and the front substrate relative to each other and 
sealing to each other. 

16. A method of manufacturing an image display appa- 
ratus according to claim 7, further comprising the 
steps of arranging a holding section lor holding the 
low melting-point metal sealing material, on at least 
one of sealing surfaces lying between the front sub- 
strate and the rear substrate; and applying the low 
melting-point metal sealing material onto the hold- 
ing section. 

17. A method of manufacturing an image display appa- 
ratus according to claim 16, further comprising the 
steps of making a groove in al least ons of sealing 
surfaces between the front substrate and the rear 
substrate; and filling the groove with the low melt- 
ing-point metal sealing material. 



10. A method of manufacturing an image display appa- 
ratus according to claim 9, wherein the low melting- 
point metal sealing material Is indium or an alloy « 
containing indium. 

11. A method of manufacturing an image display appa- 
ratus according to claim 7, wherein the vacuum at- 
mosphere has a degree of vacuum of 10' 3 Pa or so 
less. 

12. A method of manufacturing an image display appa- 
ratus according to claim 7, wherein the step of seal- 
ing the rear substrate and the front substrate In- » 
eludes a evacuating step of heating the vacuum at- 
mosphere to a temperature of 250°C or more to 
evacuate the vacuum atmosphere; a sealing step 



1 8. A method of man ufacturing an image display appa- 
ratus according to claim 16, further comprising the 
steps of forming a layer made of material exhibiting 
high affinity with the low melting-point metal sealing 
material, on at least one of sealing surfaces be- 
tween the front substrate and the rear substrate; 
and applying the low melting-point metal sealing 
material onto the layer. 

19. A method of manufacturing an image display appa- 
ratus according to claim 18, wherein the material 
exhibiting high affinity with the low melting-point 
metal sealing material is nickel, gold, silver or cop- 
per, or an alloy thereof. 

20. An image display apparatus comprising an enve- 
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lope having a rear substrate, a front substrata op- 
posing the rearsubstrate, and a plurality ot electron- 
emitting elements provided in the envelope, 

the front substrate and the rear substrate be- 
ing sealed either directly or indirectly to each other 5 
with a base layer and a metal sealing material layer 
provided on the base layer and different in material 
from the base layer, 

21. An image display apparatus comprising an enve- to 
lope having a rear substrate, a front substrate op- 
posing the rear substrate and a sidewall arranged 
between peripheral edge parts of the front substrate 
and the rear substrate, and a plurality of electron- 
emitting elements provided in the envelope, ts 

the front substrate and the sidewalk or the 
rear substrate and the sidewall, and the front sub- 
strate and the sidewall and the rear substrate and 
the sidewall are sealed together with a base layer 
and a metal sealing material layer provided on the 20 
base layer and different in material from a material 
of the base layer. 

22. An image display apparatus according to claim 20, 
wherein the metal sealing material layer is made of 2S 
low melting-point metal sealing material having a 
melting point of 350'C or less. 

23. An Image display apparatus according to claim 22, 
wherein the low melting-point metal sealing materi- 30 
al is indium or an alloy containing indium. 



phosphor screen emits light, 
the front substrate and the rear substrate being 
sealed, either directly or indirectly to each oth- 
er, with a base layer and a metal sealing mate- 
rial layer provided on the base layer and differ- 
ent in material from the base layer. 

28. A method of manufacturing an image display appa- 
ratus which comprises an envelope having a rear 
substrate, a front substrate opposing the rear sub- 
strate, and a plurality of electron-emitting elements 
provided in the envelope, the method comprising 
the steps of: 

forming a base layer along a sealing surface 
lying between the rear substrate and the Iront 
substrate; 

forming a metal sealing material layer on the 
base layer, the metal sealing material layer be- 
ing different in material from the base layer; and 
heating the rear substrate and the front sub- 
strate in a vacuum atmosphere, melting the 
metal sealing material layer and sealing the 
rear substrate and the front substrate, either di- 
rectly or indirectly to each other. 

29. A method of manufacturing an image display appa- 
ratus according to claim 2B, wherein the metal seal 
ing material layer is made of low melting-point metal 
sealing material having a melting point of 3E0°C or 
less. 



24. An image display apparatus according lo claim 20, 
wherein the base layer is made of metal paste con- 
taining at least one element selected from the group 35 
consisting of silver, gold, aluminum, nickel, cobalt, 
copper nickel, gold, silver and copper. 

25. An image display apparatus according to claim 20, 
wherein the base layer is a plated layer or deposited *o 
layer made of at least one element selected from 

the group consisting of silver, gold, aluminum, nick- 
el, cobalt and copper, or is a glass material layer. 

26. An image display apparatus according to claim 20, « 
wherein the metal sealing material layer has, at 
least at one part of the base layer, a width equal to 

or smaller than that of the base layer 

27. An image display apparatus comprising: so 

an envelope having a rear substrate, a front 
substrate opposing the rear substrate; 
a phosphor screen formed on an inner surface 
of the front substrate; and 55 
an electron beam source provided on the rear 
substrate and configured to emit electron 
beams to the phosphor screen to cause the 



30. A method of manufacturing an image display appa- 
ratus according to claim 2B, wherein the low melt- 
ing-point metal sealing material is indium or an alloy 
containing indium. 

31. A method of manufacturing an image display appa- 
ratus according to claim 28, wherein the base layer 
is made of metal paste containing at least one ele- 
ment selected (ram the group consisting of silver, 
gold, aluminum, nickel, cobalt, copper nickel, gold, 
silver and copper. 

32. A method of manufacturing an image display appa- 
ratus, according to claim 2B, wherein the base layer 
is a plated layer or deposited layer made of at least 
one element selected from the group consisting of 
silver, gold, aluminum, nickel, cobalt and copper, or 
is a glass material layer. 

33. A method of manufacturing an image display appa- 
ratus according to claim 28, wherein the metal seal- 
ing material layer has, at least al one part of the 
base layer, a width equal to or smaller than that of 
the base layer. 

34. A method of manufacturing an image display appa- 
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ratus which comprises an envelope having a rear 
substrate, a front substrate opposing the rear sub- 
strate, and a plurality ol electron-emitting elements 
provided in the envelope, the method comprising 
the steps of: 5 

applying molten metal sealing material to a 
sealing surface lying between the rear sub- 
strate and the front substrate, while applying ul- 
trasonic waves; and 

heating and melting the metal sealing material 
in a vacuum atmosphere after the metal sealing 
material has been applied, and sealing the rear 
substrate and the front substrate at the sealing 
surface, either directly or Indirectly to each oth- is 
er. 

35. A method of manufacturing an Image display appa- 
ratus which comprises an envelope having a rear 
substrate, a front substrate opposing the rear sub- 20 
strate, a sldewall sealed between peripheral edge 
parts of the front substrate and the rear substrate; 
and a plurality of electron-emitting elements provid- 
ed in the envelope, wherein at least one of sealing 
surfaces between the Iront substrate and the side- « 
wall and between the rear substrate and the side- 
wall, orthe front substrate and thesldewall is sealed 
with a metal sealing material layer, the method com- 
prising the steps of: 

30 

applying molten metal sealing material to said 
at least one of sealing surfaces, while applying 
ultrasonic waves; and 

heating and melting the metal sealing materia! 
in a vacuum atmosphere after the metal sealing 35 
material has bean applied, and sealing the rear 
substrate, the front substrate and the sidewall 
together at the sealing surface. 

36. A method of manufacturing an image display appa- <o 
ratus, according to claim 34, wherein the step of ap- 
plying the metal sealing material Includes a step of 
continuously applying the molten metal sealing ma- 
terial along the sealing surface, thereby forming a 
metal sealing material layer that extends along the « 
sealing surface. 

37. A method of manufacturing an image display appa- 
ratus, according to claim 34, wherein ultrasonic 
waves are applied in a direction substantially per- so 
pendicular to the sealing surface in the step of ap- 
plying the metal sealing material. 

38. A method of manufacturing an Image display appa- 
ratus according to claim 34, which comprises a step ss 
of forming a base layer on the sealing surface, the 
base layer being different in material from the metal 
sealing material layer, and in which the metal seal- 
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ing material is applied onto the base layer after the 
base layer has been formed. 

39. A method of manufacturing an image display appa- 
ratus according to claim 38, wherein the base layer 
is made by applying metal paste containing at least 
one element selected from the group consisting of 
silver, gold, aluminum, nickel, cobalt, copper nickel, 
gold, silver and copper. 

40. A method of manufacturing an image display appa- 
ratus according to claim 3B, wherein the base layer 
is a plated layer or deposited layer made of at least 
one element selected from the group consisting of 
silver, gold, aluminum, nickel, cobalt and copper, or 
is a glass material layer. 

41 . A method of manufacturing an image display appa- 
ratus according to claim 34, wherein, in the step of 
applying ihe metal sealing material, a rate of apply- 
ing the metal sealing material is controlled by 
changing either output magnitude of the ultrasonic 
waves or a diameter of a port for applying the metal 
sealing material. 

42. A method of manufacturing an image display appa- 
ratus according to claim 34, wherein the metal seal- 
ing material is low melting-point metal sealing ma- 
terial having a melting point of 350°C or less. 

43. A method of manufacturing an image display appa- 
ratus according to claim 42, wherein the metal seal- 
ing material is indium or an alloy containing indium. 

44. An apparatus lor applying metal sealing material in 
the method of manufacturing an image display ap- 
paratus, according to claim 34, the apparatus com- 
prising: 

a supporting base configured to position an ob- 
ject having a sealing surface; 
an applying head having a storage section stor- 
ing molten metal sealing material, a nozzle 
which applies to the sealing surface the molten 
metal sealing material supplied from the stor- 
age section, and an ultrasonic wave generating 
section which applies ultrasonic waves to the 
molten metal sealing material applied from the 
nozzle to the sealing surface; and 
a head-moving mechanism configured to move 
the applying head relative to the sealing sur- 
face. 

45. An image display apparatus comprising: 

an envelope having a rear substrate, a front 
substrate opposing the rear substrate and 
sealed either directly or indirectly to the rear 
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substrate with metal sealing material; and 
a number of electron-emitting, elements provid- 
ed in the envelope; 

wherein the metal sealing material is provided 
on a sealing surface lying between the rear sub- 
strate and the front substrate, forming a metal seal- 
ing material layer that extends along the entire of 
the sealing surface, and the metal sealing material 
layer has bent or curved parts at one portion, at 
least, which extends along a straight part of the 
sealing surface. 

46. An image display apparatus according to claim 45, 
wherein the bent parts are bent at an acute angle. 

47. An image display apparatus according to claim 45, 
wherein the bent parts are bent at almost right an- 
gles. 

48. An image display apparatus according to claim 45, 
wherein the metal sealing material layer has a sub- 
stantially fixed width and shaped like saw teeth at 
the portion which extends along a straight part of 
the sealing surface. 

49. An Image display apparatus according to claim 45, 
wherein the motal sealing material layer has a sub- 
stantially fixed width and shaped like a series of 
cran ks at the portion which extends along a straight 
part of the sealing surface. 

50. An image display apparatus according to claim 45, 
wherein the metal, sealing material layer has a sub- 
stantially fixed width and are formed in a continuous 
frame pattern at the portion which extends along a 
straight part of the sealing surface. 

51. An image display apparatus according to claim 45, 
wherein the metal sealing material layer has a sub- 
stantially fixed width and are shaped like waves at 
the portion which extends along a straight part of 
the scaling surface. 

52. An image display apparatus comprising: 

an envelope having a rear substrate, a front 
substrate opposing the roar substrate and 
sealed either directly or indirectly to the rear 
substrate with metal sealing material; and 
a number of electron -emitting elements provid- 
ed in the envelope, 

wherein the metal sealing material is provided 
on a sealing surface lying between the rear sub- 
strate and the front substrate, forming a metal seal- 
ing material layer that extends along the entire of 
the sealing surface, and the metal sealing material 



layer has an edge at one portion, at least, which ex- 
tends along a straight part of the sealing surface, 
said edge having projections. 

s 53. An image display apparatus according to claim 52, 
wherein the metal sealing material layer has differ- 
ent widths at portions which extend along a straight 
part of the sealing surface. 

to 54. An Image display apparatus according to claim 53, 
wherein the metal sealing material layer has a pair 
of edges which extend along a straight part of the 
sealing surface, and at least one of the edges has 
a plurality of projections spaced apart from one an- 
<s other. 

55. An image display apparatus according to claim 52, 
wherein the metal sealing material layer has a pair 
of edges which extend along a straight part of the 

?o sealing surface, and each of the edges has a plu- 
rality of projections spaced apart from one another. 

56. An image display apparatus according to claim 55. 
wherein the projections provided at one edge of the 

25 metal sealing material layer arc staggered in a 
lengthwise direction of the metal sealing material 
layer, with respect to the projections provided at the 
other edge of the metal sealing material layer. 

30 57. An image display apparatus according to claim 55, 
wherein the projections provided at one edge of the 
metal sealing material layer oppose the projections 
provided at the other edge of the metal sealing ma- 
terial layer. 

58. An image display apparatus according to claim 45, 
wherein the metal sealing material layer is made of 
low melting-point metal sealing material having a 
melting point of 350°C or less. 

59. An image display apparatus according to claim 58, 
wherein the metal sealing material is Indium or an 
alloy containing indium. 

« 60. An image display apparatus according to claim 45, 
further comprising a base layer provided on the 
sealing surface and different in material from the 
metal sealing material layer, and Ihe metal sealing 
material layer is formed on the base layer. 

50 

61. An image display apparatus according to claim 60, 
wherein the base layer is made of metal paste con- 
taining at least one element selected from the group 
consisting of silver, gold, aluminum, nickel, cobali, 

ss copper nickel, gold, silver and copper. 

62. An image display apparatus according to claim 61 . 
wherein the base layer is a plated layer or deposited 
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layer made of at least one element selected Irom 
the group consisting of silver, gold, aluminum, nick- 
el, cobalt and copper, or is a glass material layer. 

63. An image display apparatus comprising: 

an envelope having a rear substrate, a front 

substrate opposing the rear substrate and 

sealed either directly or indirectly to the rear 

substrate with metal sealing material; 

a phosphor screen formed on an inner surface 

of the front substrate; and 

an electron beam source which provided on the 

rear substrate and configured to emit electron 

beams to the phosphor screen to cause the 

phosphor screen emits light, 

wherein the metal sealing material is provided 
on a sealing surface laying between the rear sub- 
strate and the front substrate forming a metal seal- 
ing material layer that extends along the entire of 
the sealing surface, and the metal sealing material 
layer has bent or curved parts at one portion, at 
least, which extends along a straight part ol the 
sealing surface. 

64. A method of manufacturing an Image display appa- 
ratus comprising an envelope having a rear sub- 
strate, a front substrate opposing the rear substrate 
and sealed either directly or indirectly to the rear 
substrate with metal sealing material, and a number 
of electron-emitting elements provided In the enve- 
lope, the method comprising the steps of: 

applying metal sealing material to a sealing sur- 
face laying between the rear substrate and the 
front substrate, thereby forming a metal sealing 
material layer which extends along the entire of 
the sealing surface; and 
heating and melting the metal sealing material 
in a vacuum atmosphere after the metal sealing 
material has been applied, and sealing the rear 
substrate and the front substrate at the sealing 
surface, either directly or Indirectly to each oth- 
er, 



lope, the method comprising the steps of: 

applying metal sealing material to a sealing sur- 
face laying between the rear substrate and the 

5 front substrate, thereby forming a metal sealing 

material layer which extends along the entire of 
the sealing surface; and 
heating and melting the metal sealing material 
in a vacuum atmosphere after the metal sealing 

10 material has been applied, and sealing the rear 

substrate and the front substrate at the sealing 
surface, either directly or indirectly to each oth- 
er, 

is wherein, in the step of applying the metal seal- 

ing material, the metal sealing material layer comes 
to have projections are formed at one portion, at 
least, of the metal sealing material layer, which ex- 
tends along a straight part of the sealing surface. 

66. A method of manufacturing an Image display appa- 
ratus according to claim 64, wherein the metal seal- 
ing material layer is made of low melting-point metal 
sealing material having a melting point of 350°C or 

25 less. 

67. Amethod of manufacturing an image display appa- 
ratus according to claim 66, wherein the metal seal- 
ing material is indium or an alloy containing Indium. 

30 

68. A method of manufacturing an image display appa- 
ratus according to claim 65, wherein the metal seal- 
ing material layer is made of low melting-point metal 
sealing material having a melting point of 350 D C or 

as less. 

69. A method of manufacturing an Image display appa- 
ratus, according to claim 68, wherein the metal seal- 
ing material is indium or an alloy containing indium. 



45 



wherein, In thestep of applyingthe metal seal- 
ing material, bent or curved parts are formed at one 
portion, at least, of the metal sealing material layer, 
which extends along a straight part of the sealing so 
surface. 



65. A method of manufacturing an image display appa- 
ratus comprising an envelope having a rear sub- 
strate, a front substrate opposing the rear substrate ss 
and sealed either directly or indirectly to the rear 
substrate with metal sealing material, and a number 
of electron-emitting elements provided in the enve- 
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